The argument is re-examined that the program of deriving the rule for the state change caused by a measurement from the Schrodinger equation holding for the object-apparatus composite system falls into a vicious circle or an infinite regress called the von Neumann chain. It is shown that this argument suffers from a physical inconsistency concerning the causality between the process of reading of the outcome in the apparatus and the state change in the measured object caused by the measurement. A consistent argument which accomplishes the above program without falling into the circular argument is presented.
Introduction
Quantum mechanics includes a dualism concerning the principle of state changes. The Schrodinger equation, on the one hand, governs the state change caused by time evolution. The rule of quantum state reduction, on the other hand, governs the state change caused by measurement. The dualism is justified as long as the state change of only one system is concerned.The Schrodinger equation holds true only when the system is isolated, but the rule of quantum state reduction holds true only when the system is not isolated [l, p. 420] .
Accepting that every measurement accompanies the interaction between the object and the apparatus, one can expect that the rule of quantum state reduction can be derived from the Schrodinger equation holding for the composite system of the object and the apparatus during the measurement. A negative view, however, prevails against this program. According to that view, the Schrodinger equation for the composite system transforms the problem of a measurement on the object to the problem of an observation on the apparatus, but in order to derive the rule of quantum state reduction holding for the object one still needs the rule of quantum state reduction applied to the composite system [2, p. 329] . This implies that the program of deriving the rule of quantum state reduction from the Schrodinger equation holding for the object-apparatus composite system falls into a vicious circle 
If one measures Y, the information "Y=y" changes the probability distribution of X for any outcome y. The posterior distribution of X is defined as the conditional probability distribution of X given Y=y, i.e., In quantum mechanics the state of an isolated system changes dynamically according to the Schrodinger equation, but this state change does not change the entropy of the system. On the other hand , the state change (1) caused by the nonselective measurement increases the entropy of the measured system, and hence this process of state change cannot be described by the Schrodinger equation of the measured system [1, p. 388] . It follows that this dynamical change of state must be caused by the interaction between the measured object and the measuring apparatus, a system external to the measured object including every system interacting with the measured object. Thus, from the basic postulates of quantum mechanics we con clude that there is an inevitable interaction between the measured object and the measuring apparatus. Since our discussion concerns only nonselective measure ments, we do not need to mention the function of consciousness, although von Neumann's argument mentions the psycho-physical parallelism [1, pp. 418-420].
Repeatability hypothesis and quantum state reduction
In the measurement axiom (A2), quantum state reduction is described as a change of the state of the object. In order to consider quantum state reduction together with the interaction between the object and the apparatus, it is desirable to describe it independently of particular descriptions of states of systems. As one of such descriptions, von Neumann introduced the the following repeatability hypoth esis [1, pp. 213-218, 335 ].
(M) If a physical quantity is measured twice in succession in a system, then we get the same value each time.
Then, von Neumann showed that (A2) is equivalent to the repeatability hypothesis. In fact, according to (M) the state of the object just after the first measurement is the eigenstate corresponding to the outcome, and in the nondegener ate case it is determined uniquely so that we have (A2). It is obvious that (M) follows from (A2).
Projection postulate
In this paper, we are devoted to measurements of observables with nondegener ate discrete spectrum. In the conventional discussion explaining quantum state 
